Intrathecal coelectrotransfer of a tetracycline-inducible, three-plasmid-based system to achieve tightly regulated antinociceptive gene therapy for mononeuropathic rats.
For optimal use of antinociceptive gene therapy, it may be important to have extrinsic control of the expression of the transfected gene. To achieve this goal, we used a tetracycline-inducible system (Tet-On) composed of three plasmids coding for beta-endorphin, the tetracycline transcriptional activator rtTA, and the silencer tTS. The regulation of beta-endorphin expression was first assessed in cultures of dorsal root ganglion neurons. The three plasmids were then electrotransfected into the spinal cord of mononeuropathic rats and the analgesic potential of this therapy in vivo was evaluated by thermal-withdrawal latency and the mechanical-withdrawal threshold. Intraperitoneal injections of doxycycline were made to evaluate the possibility of exogenous upregulation of transfected beta-endorphin gene expression in vivo. The levels of beta-endorphin were analyzed by intrathecal microdialysis and radioimmunoassay. We found that, after doxycycline administration, the expression of beta-endorphin was rapid, stable, and tightly regulated (low background and high induction level) both in vitro and in vivo. The beta-endorphin protein was secreted into cerebrospinal fluid at a peak level of 53 pmol/L in dialysate, which was sufficient to inhibit neuropathic pain. In conclusion, tightly controlled expression of beta-endorphin can be obtained following intrathecal electrotransfer of a tetracycline-inducible, three-plasmid-based system, and doxycycline-dependent beta-endorphin protein expression in this system alleviates sciatic nerve constriction-induced limb pain.